To support natural resource damage assessment (NRDA) in response to the Deepwater Horizon (DWH) oil spill in the Gulf of Mexico, a large number of samples were collected from protected species including marine mammals and sea turtles. Analysis of these samples will continue for the foreseeable future. To support NRDA sample analyses, NOAA will require analytical laboratories in addition to the commercial laboratories that are currently listed as providing support to NRDA. To compare the data among these laboratories, interlaboratory comparison studies have been initiated, and the results from the fourth exercise, QA11Blood01, are reported here. In this exercise, selected polycyclic aromatic hydrocarbons (PAHs), alkylated PAHs, hydroxylated PAH metabolites and dioctyl sodium sulfosuccinate (DOSS) were determined in the exercise material, which consisted of a whole blood and plasma collected from American alligators (Alligator mississippiensis) amended with the test compounds. A solution containing known amounts of the test compounds was also distributed to help gauge analyses conducted on a matrix-free sample. The results from this fourth exercise are reported along with a summary of the analytical methods used.
INTRODUCTION
The National Institute of Standards and Technology (NIST) has conducted three interlaboratory comparison exercises to support the natural resource damage assessment (NRDA) in response to the Deepwater Horizon (DWH) oil spill in the Gulf of Mexico with marine sediment [1] , crude oil [2] , and mussel tissue [3] as the matrices of interest. The exercises were initiated to provide information on the comparability of data from different laboratories for PAHs (polycyclic aromatic hydrocarbons), alkylated PAHs, and petroleum biomarkers (hopanes and steranes). A large number of coastal sediment and tissue samples (e.g., oysters) have been collected outside of the spill zone to define baseline environmental conditions prior to being exposed to oil. For the foreseeable future, subsequent analysis of oiled sediments and oil-exposed oysters will be required as well. To support these efforts, additional analytical laboratories are being used to provide greater capacity for the NRDA evaluation.
The present exercise was designed to evaluate measurements of wildlife blood for selected PAHs, alkylated PAHs, hydroxylated PAH metabolites, and dioctyl sodium sulfosuccinate (DOSS). Blood was a matrix of interest for NRDA as this tissue was commonly collected from wildlife for assessment of hydrocarbon exposure. The study was performance-based; hence, laboratories were free to use the methods of their choosing. It is important to note that this exercise was not designed nor intended to reflect method performance for past results reported by the laboratories but rather to provide the laboratories the opportunity to assess methods of interest. The analytes chosen for this study were those commonly found in oil and/or used for source apportionment studies, or are metabolites of aromatic hydrocarbon exposure.
The data received from six laboratories for the exercise are summarized in this report along with summaries of the analytical methods used by each laboratory. For this exercise, laboratory performance was based on p-scores that help gauge laboratory precision. Due to the small number of laboratories participating, z-scores, which are indicative of agreement to a consensus value, were not calculated. Among laboratory agreement is thus shown graphically.
SOURCE OF MATERIAL
There were four materials sent out to participants (Table 1) : (1) a mixture of the PAH-related compounds in isooctane, (2) DOSS in methanol, (3) the target compounds added to pooled alligator plasma, and (4) the target compounds added to pooled alligator whole blood. The compounds used to prepare the samples above were purchased in either neat form or solution from Accustandard (New Haven, CT), Chiron (Trondheim, Norway) or Sigma (St. Louis, MO). Individual stock solutions of compounds were used to prepare a mixed spiking solution in ethanol that was added to the blood materials, a mixed PAH solution in isooctane, and a DOSS solution in methanol. Alligator plasma and whole blood were pooled from wild alligators, which were sampled during capture-release health assessments, and captive alligators. The blood (approximately 275 g of plasma or whole blood) was added to a 500 mL Erlenmeyer flask, spiked with approximately 0.8 g of the mixed analyte spiking solution, and stirred for 4 hours in the dark before aliquotting into 4.5 mL cryovials. Cryovials were then immediately frozen at -80 o C. The instructions including the list of target analytes sent to participants are given in Appendix A.
EVALUATION OF EXERCISE RESULTS

Establishment of the Assigned Values
Laboratory data submission: Each participating laboratory was asked to submit data from three replicate determinations of the "unknown" material QA11Plasma and QA11WholeBlood and was requested to report results of concurrent analyses of QA11Solution#1-PAH and QA11Solution#2-DOSS. The solution materials were used because NIST does not have a reference material for PAHs in blood, and the solutions provided information on laboratory measurements made on a matrix-free sample. Laboratories were requested to report these results to at least three significant figures and to provide brief descriptions of their cleanup and analytical procedures.
Determination of laboratory analyte means:
For each laboratory, the laboratory analyte mean of the three sample results (S1, S2, and S3) was calculated for each analyte. Non-numerical data were treated as follows: A mean "<value" was used when three "<values" were reported; NA (not analyzed/determined) was used for three reported NAs; and, if the reported results were of mixed type, e.g., S1 and S2 were numerical values and S3 was reported as "<value", the two similar "types" were used to either determine the mean or to set a non-numerical descriptor.
Determination of assigned values:
In prior exercises, the inclusion of a laboratory's data in the consensus value was based on their performance on the reference material. If values were within 30% of the assigned value for the reference material, their measurements on the unknown were included in the calculation of the consensus value for the unknown. This approach was not possible in the present exercise as there was no reference material included in the exercises. Consequently, the consensus values for this exercise are simply the median of all values submitted by all laboratories. No values were excluded due to the small number of laboratories submitting data.
REPORTED RESULTS
Laboratories were assigned numerical identification codes in order of receipt of their data with the exception of the two NIST data sets, which are designated Laboratory 1 and 2. The laboratory mean replicate data are shown in Tables 2, 3 and 4 for QA11Solution#1-PAH and QA11Solution#2-DOSS, QA11Plasma, and QA11Wholeblood, respectively. Included in the tables are the by-compound mean and standard deviation for the three measurements made on each matrix by each laboratory and the exercise assigned median values plus standard deviation. The gravimetric concentration that was based on the original weighing of the target compounds to make the exercise materials is also provided. Summaries of the methods used by each laboratory are in Appendix B. A second set of plasma and whole blood samples was distributed to laboratory 5 in February 2012 for an additional DOSS determination. Laboratory 5 therefore has two sets of DOSS values, those from the initial determination in 2011 and from the second set of samples analyzed in 2012.
Performance Scores
The exercise coordinators recognize that different environmental monitoring programs have different data quality objectives and needs. The acceptability of the results submitted by a particular laboratory will be decided by the individual program(s) for which the laboratory provides data. Typically, each program will use these exercise results in conjunction with the laboratory's performance in the analysis of certified reference materials and/or control materials, and of other quality assurance samples. These exercise results are exhibited in a number of ways in this report to facilitate their use by most environmental monitoring programs in their acceptability assessments.
Precision Assessment (p-score)
For the calculation of p-scores [4] [5] for this program, the σ values used are coefficients of variation (CV calculated as relative standard deviations) with the current target σ (CV) for the three replicates being 15 %. The value of 15 % was chosen for use interlaboratory comparison exercises of this type run by NIST. P-scores are only available for analytes where three measurements were made by the laboratory. Tables 2 through 4 summarize the relative standard deviations (RSDs) calculated from the three concentrations reported by the laboratory for each analyte quantified. Table 5 gives the p-scores (15 %). A p-score of 1 indicates that the laboratory's CV was 15 %, and a p-score of 2 indicates that the laboratory's CV was 30 %.
RESULTS and DISCUSSION
NOAA's NRDA office requested that NIST coordinate an interlaboratory comparison exercise for PAHs, PAH metabolites, and DOSS in blood as this tissue had been collected from several wildlife species following the spill. With the help of NOAA and NRDA, NIST requested that five laboratories outside of NIST participate in an interlaboratory comparison exercise using bloodbased samples. Of these five laboratories, four submitted data sets with two additional data sets submitted by NIST. Laboratory 5 submitted two data sets for DOSS (see above). The listing of participating laboratories is given in Appendix C.
Tables 2 through 4 summarize the laboratory means and exercise assigned values for the PAHs, alkylated PAHs, hydroxylated PAHs and DOSS in the solution, plasma, and whole blood materials, respectively. The consensus values for the materials were simply the median concentrations of the submitted results. Given the small number of values reported, no data were excluded from the derivation of the consensus value. The gravimetric values are given in the tables for guidance. For most compounds, the gravimetric value was within the range of data reported back by the laboratories especially for the solution material. This was also true for the blood materials with the exception of the methylnaphthalenes that had higher gravimetric values than the reported values. The most likely explanation for this discrepancy is that the methylnaphthalenes that were added to the blood were partially lost through evaporation at some point in the preparation of the blood materials. There were few reported values for the hydroxylated PAHs so it is difficult to gauge the accuracy of the gravimetric values relative to these compounds. Prior experience with hydroxylated compounds has shown that concentrations can change in solution either through degradation, conjugation, or possibly sorption to container walls. DOSS was measured by three laboratories (Labs 3, 5, and 6). The median of measured values for DOSS agreed very well with the gravimetric concentration (Tables 2-4 ). The CV for the three labs was higher for DOSS in the blood materials (ca. 40 %) than for the solution (ca. 5 %).
As expected, the agreement among laboratories for the compounds in the matrix-free solution was better than that observed in the blood materials. The coefficients of variation (standard deviation/median) were 17 %, 53 %, and 70 % for the solution, plasma, and whole blood, respectively. Excluding the high fluorene and pyrene values reported by Lab 6 reduced the CVs to 33 % for plasma and 48 % for whole blood. This indicates that reported values in plasma are less variable among laboratories than those made on whole blood. This result is reasonable as the plasma is largely free of cellular material relative to whole blood and therefore should be less subject to matrix effects during analysis.
The precision or "p" scores, which are a measure of within laboratory repeatability, are given in Table 5 . Again, a p-score of ≤1 indicates that a laboratory's reported values are within 15 % of their mean reported value. P-scores were only calculated on the blood materials and were generally <0.5 for most analytes in most laboratories. 1,7-dimethylphenanthrene had a higher p-score than other compounds probably due to the low concentration of this compound relative to other compounds in the samples (Tables 2-4) .
The methods used to analyze the samples varied among laboratories (Appendix B Tables B1-B7) . Extraction methods for the PAHs included microwave extraction (Lab 1), liquid:liquid extraction (Labs 2, 4, and 5), and QuECHERS (Quick Easy Cheap Effective Rugged Safe, essentially liquid:liquid extraction with acetonitrile following the addition of salts; Labs 3 and 6). DOSS was extracted by QuECHERS (Labs 3 and 6) or by liquid:liquid extraction using acetonitrile (Lab 5). Cleanup of samples prior to PAH analysis included size exclusion followed by solid phase extraction (Labs 1, 3, and 4) and no cleanup (labs 2, 5, and 6). Prior experience in our laboratory has shown cleanup of blood extracts is required for the analysis of persistent organic pollutants by GC/MS [4] , hence it was surprising that several laboratories opted for no cleanup. Labs did not clean up extracts prior to DOSS analysis. For the analysis of the parent PAHs, five laboratories used GC/MS with 5% methylpolysiloxane-phase column (Labs 2 through 5) or a 50% methylpolysiloxane-phase column (Lab 1). Lab 6 used UPLC/FLR/MS/MS with a C18 column. For alkylated PAHs, all labs used GC/MS with columns noted in Table B5 ; although, Lab 6 used GC/MS/MS. All labs used LC/MS/MS for the analysis of DOSS. Hydroxylated PAHs were determined by Labs 1 and 2 using GC/MS following derivatization with MSTFA and Lab 6 performed the analysis by UPLC/FLR/MS/MS. Additional details are given in Appendix B.
In conclusion, results demonstrated that it is possible to measure a suite of parent and alkylated PAHs in blood with reasonable agreement among laboratories. The three laboratories that measured the oil dispersant compound, DOSS, were also able to provide a consensus value that was very close to the nominal concentration of DOSS in the samples (Tables 3 and 4) . PAH metabolites were a challenge for laboratories with very few results being submitted by the group. While there are several methods for PAH metabolites in urine published in the literature, this is not the case for PAHs in blood which may explain the low number of values submitted by laboratories. Based on preliminary work done by NIST, hydroxylated PAHs also might not achieve stable concentrations when spiked in blood. Further studies are needed to determine the feasibility of providing a reference material for hydroxylated PAHs in blood and to provide reliable methods for hydroxylated PAH analysis in blood samples.
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Disclaimer
Certain commercial equipment, instruments, or materials are identified in this report to specify adequately the experimental procedure. Such identification does not imply recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the materials or equipment identified are the best available for the purpose. There are three materials to be used for the exercise. The plasma and whole blood (QA11Plasma and QA11WholeBlood) samples are 4.5 mL aliquots of plasma and whole blood in collected non-lethally from American alligators. Both materials have been amended with the parent PAHs, alkylated PAHs and PAH metabolites listed in Table 1 and dioctyl sodium sulfosuccinate (DOSS). Concentrations range from <1 ng/mL up to approximately 20 ng/mL. Four vials per material are supplied; three are to be analyzed for the exercise and an extra vial is supplied as a backup.
Two additional solutions are also supplied. The first solution contains parent, alkylated PAHs and PAH metabolites in isooctane (QA11Solution#1-PAH) and the second solution is DOSS in methanol (QA11Solution#2-DOSS).
Storage of Materials:
The blood materials should be stored at a minimum of -20 
Instructions for Use:
You are to analyze all materials using your laboratory's and/or program's analytical protocols, for the concentrations (mass/mass) of the parent PAH compounds, alkylated PAH compounds, PAH metabolites and DOSS. A target list of compounds are presented in Table 1 ; however, participants do not need to quantify all of these compounds and can add additional compounds when reporting the data.
The amount of blood used for each analysis should correspond to the amount of blood that you would typically analyze as prescribed in your protocols. Prior to opening the blood cryovials you should vortex the vial to mix the contents. Samples for analysis should be withdrawn immediately after opening the cryovial and should be processed without delay. Unused material can be stored frozen in the cryovials.
The PAH and DOSS solutions (QA11Solutions #1 and #2) should be analyzed as is without cleanup. The mass of each vial (solution, cap and vial) was taken just prior to shipment. Weight each vial prior to use and use the supplied tare mass (vial plus cap) to adjust for solvent evaporation.
You should analyze three samples of QA11Plasma and QA11WholeBlood and make three measurements each of the QA11Solution#1-PAH and QA11Solution#2-DOSS. If time allows, we are asking that you analyze the blood materials in separate batches; i.e., separate extractions, cleanup, and calibration curves. This will allow a more realistic assessment of laboratory precision over a longer term than the assessment obtained when a laboratory places all three samples in the same batch and the resulting extracts are analyzed using the same calibration curve, etc. Likewise, if time allows, make three separate measurements of QA11Solution#1-PAH and QA11Solutions#2-DOSS using a separate calibration curve for each measurement.
Reporting of Results:
Please report one result, as if three figures were significant, for each of the analytes quantified in each of the three replicates of the QA11WholeBlood and QA11Plasma and the determination of compounds in QA11Solution#1-PAH and QA11Solution#2-DOSS. Report results in units of pg/g. Report the date of measurement of each sample in the requested m/d/y format.
If you know that a target or non-target compound is interfering (coeluting) with the determination of a target analyte, please identify this issue by qualifying the data and note the data qualifier used at the bottom of your table of results. Please note that any changes you make to the column or row headings within the tables will not be seen by the coordinators because only the table entries and comments at the bottom of the tables are automatically transferred to the exercise database.
We prefer that concentration values be reported for each analyte determined. If the measured concentration is below your typical reporting concentration for an analyte in a particular matrix, you can report the number and list the appropriate detection limit, quantification limit, etc. at the bottom of the data table. However, if you need to report non-numerical data please use the following conventions:
NA "Not analyzed", "not determined" <"value" "Less than specified concentration", e.g., <8 pg/g Other "Other"; add note of explanation at end of data table, e.g., interference DL "Below detection limit" may be used, however, <"value" is preferable Do not use negative numbers or parentheses to indicate "less than detection limits". 2-methyl-1-naphthol 13 C pentachlorophenol naphthol-d7 chrysene-d12/naphthalene-d8 2-hydroxyfluorene 13 C 6-hydroxy chrysene naphthol-d7 chrysene-d12/naphthalene-d8 1-hydroxypyrene 13 C 6-hydroxy chrysene naphthol-d7 chrysene-d12/naphthalene-d8
DOSS
DOSS-d34
DOSS-d34 SDS-d25/SDS-d1 *the response factor for 1-methylphenanthrene was used to quantify 9-methyl phenanthrene 
